Dislocation bias factors in bcc Fe have been calculated based on atomistic interaction energy maps on three kinds of dislocations, namely the a 0 /2 111 {110} screw, a 0 /2 111 {110} and a 0 100 {001} edge dislocations.
Introduction
cubic (fcc) Cu. B d was found to be 0.25, that is, one order of magnitude 26 higher than the expected value derived from the experimental observations.
27
Estimations based on even simpler assumptions, accounting for the relax- not achievable using an elasticity theory framework only.
45
In this work, we investigate defect-dislocation interactions and perform 46 calculations of B d in bcc iron (Fe). In particular, we consider the a 0 /2 111 {110} screw, a 0 /2 111 {110} and a 0 100 {001} edge dislocations. The screw dis-48 locations are the primary defects in non-irradiated bcc metals and alloys
49
including Fe-based steels [9] , while under prolonged irradiation a high den-50 sity of dislocation loops is established [10, 11] . The latter are of interstitial 51 nature and two types may be present depending on the chemical composition 52 of the Fe-based alloy and irradiation temperature. In pure Fe at 573 K and 53 above, the a 0 100 loops of square shape dominate, while at room tempera-54 ture mostly a 0 /2 111 loops are present [12, 10] . In commercial Fe-Cr-based 55 steels both types of loops are present in proportions depending on the Cr 56 content [13, 14] . Here, we provide a computational assessment of the dislo-57 cation bias factor for all three possible types of dislocations relevant for bcc
58
Fe and its alloys and discuss the implication of the results. 
Theory and Methods

60
The numerical method to obtain the dislocation bias has been explained 61 in our previous work [8] . The basic idea is that the flux induced by the 62 diffusion of point defects is described by Fick's law with a drift term, and 
Bias factor
70
The dislocation bias factor, sometimes referred to as net bias [15] , is 71 defined as:
where 
where D is the diffusion coefficient, C is the concentration of point defects,
87
and β is 1/k B T with k B the Boltzmann constant and T the temperature, E
88
is the defect-dislocation interaction energy and the second term on the right 89 hand side is the drift term.
90
A convenient reformulation is used:
where Ψ = DCe βE(r,θ) is referred to as the diffusion potential function.
92
Applying the steady state condition · J = 0 in Eq.3:
Given the interaction energy E(r, θ) and boundary conditions, Ψ is nu-94 merically solved using FEM. In this work, atomistically calculated interaction interaction is negligible. Hence, Ψ R =DC is a non-zero constant.
103
The total current of defects absorbed by the dislocation is then evaluated 104 as:
where r 0 is the dislocation core radius vector pointing to the core center and
106
J r (r 0 , θ) is the current to the core.
107
The dislocation capture efficiency Z in this case is defined as the ratio [20] . In order to model an infi- the core of the screw dislocation relaxes to a degenerate three-fold structure.
162
To validate the effect of the core structure, we also employed the EAM po- section the anisotropic interaction model is explained for the interaction of 184 the point defects with a screw dislocation, as briefly described below.
185
Within the framework of linear elasticity theory, the interaction energy 186 between the point defect and a dislocation separated by a distance r is given
where is the strain field of the dislocation and P ij are components of the 189 dipole force tensor P.
190
The anisotropic strain field of a screw dislocation was calculated from 
where the summation is over N neighbours of the defect, i and j are the The Kanzaki force for our EAM potential is directly calculated from and topology of the dislocation-defect interaction. In the analytical expres-sion, the capture efficiency is predicted to be core radius dependent [29] .
211
In our case, the interaction energy is obtained from atomistic calculations,
212
therefore the core radii must be chosen carefully. To begin, we analysed the 213 sensitivity of the capture efficiency with regard to the dislocation core radius,
214
assuming that the core is represented by a cylinder. Fig.1 shows Z SIA and
215
Z vac calculated using the energy landscape from isotropic elasticity theory 
222
To assign some physical meaning to the dislocation core radius, we used an is comparable to the thermal energy:
This criterion is applied to obtain the capture radii on each individual high similarity to either of the analytical interaction models.
256
The bias calculated from those interaction maps are shown in Fig.4 
319
More discussions are presented in the next subsection. 
330
For the edge dislocations, Z SIA are larger than Z vac , while it is the opposite 331 for the screw dislocation: Z SIA are smaller than Z vac . As we mentioned before,
332
the coexistence of edge-and screw dislocations contribute to macroscopic 333 effects such as swelling. Therefore it is more reasonable to look at the total effect of the Z values. In order to estimate the joined influence from them,
335
we define a total dislocation bias. It is assumed that the densities of the 336 three different types of dislocations, namely 1/2 111 screw, 1/2 111 edge 337 and 100 edge, are a, b and c respectively, and that the point defects can be 338 absorbed by any of them, then the total bias is defined as
where SD represents the screw dislocation, 111 is the 1/2 111 type 340 edge dislocation and 100 represents the 100 type edge dislocation. 
